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Review paper 
 
 Abstract: Grain legumes, such as soybean (Glycine max (L.) Merr.), pea 
(Pisum sativum L.), faba bean (Vicia faba L.), lupins (Lupinus spp.), common 
vetch (Vicia sativa L.) and grass pea (Lathyrus sativus L.), represent one of the 
most quality and least expensive solutions for a long-term demand for plant protein 
in animal husbandry. One of the limitations to an increased use of grain legumes as 
feed is the presence of diverse compounds in their grain, commonly referred to as 
anti-nutritional factors, that both decrease nutritive value of grain legumes and, if 
taken in larger amounts, cause health problems that may be fatal for both human 
and the animals. By this reason, breeding programmes of all grain legumes is 
aimed at decreasing the content of anti-nutritional factors to a safe extent. Breeding 
of soybean cultivars for reduced amount of antinutritive factors resulted in the 
development of Kunitz-free soybean cultivars, which are suitable for thermal 
processing at lower temperatures and during a shorter period of time. This is the 
way of saving energy and preserving valuable nutritional composition of soybean 
grain. As for other species, the most significant progress has been made in protein 
pea, where all modern cultivars have either low or very low content of various anti-
nutritional factors. Among the improvements are also ‘zero-tannin’ cultivars in 
faba bean, with a wide utilization in both animal feeding and bread industry, low-
toxin common vetch cultivars, ‘sweet’ cultivars in lupins and low-ODAP cultivars 
in grass pea. 
 
 Key words: anti-nutritional factors, feed legumes, grain, pea, soybean 
 
Grain legumes in animal feeding 
 
 Annual legumes are one of the most important crops on a global scale. In 
animal feeding, they can be used as green forage, forage dry matter, forage meal, 
silage, haylage, immature grain, mature grain and straw, while some species may 
be used for grazing too (Mikić et al., 2006). The term grain legumes denotes 
exclusively annual crops cultivated for immature or mature grain, with a further 
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division into food legumes, also known as edible legumes or pulses, used for 
human consumption, and feed or fodder legumes, used in animal feeding 
(Mihailović et al., 2004). Unlike these, forage legumes are used in the form of 
forage and comprise both annual and perennial species, having an additional role as 
a source of biomass and green manure (Mihailović et al., 2007b).  
Globally, the most important feed grain legume is soybean (Glycine max 
(L.) Merr.), with a total production of 216,144,262 t and harvested area of 
94,899,216 ha (Faostat, 2009). There follows pea (Pisum sativum L.), with a global 
production of 10,128,486 t and a harvested area of 6,896,172 ha, and faba bean 
(Vicia faba L.), with a total production of 4,868,681 t and harvested area of 
2,626,809 ha. Common (Vicia sativa L.) and other vetches are cultivated on 
782,318 ha, while lupins (Lupinus spp.) are grown on 679,999 ha on a global scale. 
Species such as grass pea (Lathyrus sativus L.) have more local importance. In 
Serbia, soybean is cultivated on about 150,000 ha, while feed pea and vetches are 
grown on about 30,000 ha (Mihailović et al., 2005b). 
    
Table 1. Crude protein content (g kg-1) and amino acid content (g kg-1) in grain dry matter of 
some feed grain legumes (Mihailović et al., 2007a; Viveros et al., 2007) 
 
Species Soybean meal Pea 
Faba 
bean 
Common 
vetch 
White 
lupin Grass pea 
Crude protein 533.0 267.0 274.0 313.0 388.0 290.0 
Alanine 30.2 4.4 3.3 4.4 13.3 13.5 
Arginine 40.2 16.7 13.2 6.6 37.1 22.4 
Aspartic acid 76.0 32.2 33.1 25.4 48.0 34.5 
Cystine    4.5 4.2 5.0 
Glutamic acid 35.8 17.8 28.7 22.1 78.0 49.8 
Glycine 23.5 13.3 11.0 9.9 16.8  
Histidine 12.3 10.0 7.7 16.6 9.1 8.4 
Isoleucine 29.1 13.3 11.0 14.3 13.9 10.8 
Leucine 44.7 17.7 18.7 21.0 28.3 18.3 
Lysine 36.9 13.3 16.5 16.6 14.1 19.4 
Methionine 7.8 4.4 3.3 4.4 2.9 2.5 
Phenylalanine 31.3 16.7 14.3 14.3 15.5 12.1 
Proline 8.9 6.7 4.4 4.4 16.3  
Serine 64.8 31.1 28.7 19.9 21.3 13.7 
Threonine 17.9 6.7 7.7 12.1 13.6 11.1 
Tryptophan    2.4  2.1 
Tyrosine 20.1 8.9 8.8 9.9 15.9 8.1 
Valine 33.5 18.9 15.4  14.4  
 
Feed legumes have a great significance in animal feeding as one of the 
most quality and least expensive solutions for a long-term demand for plant protein 
in animal husbandry. Generally, feed legumes are characterised by a rather high 
crude protein content, ranging from about 270 g kg-1 in pea and faba bean grain dry 
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matter, over nearly 400 g kg-1 in white lupin (Lupinus albus L.) to more than 500 
kg-1 in soybean meal (Table 1). Due to a different amino acid  composition between 
species, each of the feed legume species may easily find its useful place in animal 
feeding, supplementing and replacing each other. 
One of the limitations to an increased use of grain legumes as feed is the 
presence of diverse compounds, commonly referred to as anti-nutritional factors, 
that both decrease nutritive value of grain legumes and, if taken in larger amounts, 
cause health problems that may be fatal for both human and the animals. By this 
reason, breeding programmes of all grain legumes is aimed at decreasing the 
content of anti-nutritional factors to a safe extent, leading to an increased 
proportion of grain legumes in diets for all species and cathegories of animals 
(Matić et al., 2005). 
 
Anti-nutritional factors in soybean 
 
 Among the anti-nutritional factors present in soybean seed, the main ones 
are protease inhibitors – Kunitz trypsin inhibitor (KTI) and Bowman-Birk 
inhibitor, and lectins. Protease inhibitors represent 6% of the protein present in 
soybean seed. Approximately, 80% of the trypsin inhibition is caused by KTI, 
which strongly inhibits trypsin and therefore reduces food intake by diminishing 
their digestion and absorption. Another effect of KTI is the induction of pancreatic 
enzyme, hyper secretion and the fast stimulation of pancreas growth, hypertrophy 
and hyperplasia. Due to this, raw soybean can not be used for feeding monogastric 
animals. Heat treatment doesn’t completely eliminate these factors and may 
decrease protein solubility. Despite the efficiency of thermal treatment to reduce 
protease inhibitors, residual inhibition (10-20%) is maintained (Carvalho et al., 
1998). By this reason, a part of the breeding program of the Maize Research 
Institute Zemun Polje is aimed at developing soybean cultivars with reduced 
trypsin inhibitors content. As a result, two cultivars lacking KTI, Lana and Laura, 
were released Srebrić et al. (2008). The trypsin inhibitor content in these cultivars 
ranges from 15.01 mg g-1 in Laura to 15.35 mg g-1 in Lana, which is about 50% 
reduced as compared to the genotypes with standard grain type (Perić et al., 2009). 
The utilization of these cultivars is a great opportunity for saving energy and 
preserving valuable nutritional composition of soybean grain, which is of interest 
in industrial processing. This trait makes them also suitable for direct feeding in 
adult non-ruminant animals without previous thermal processing. 
 Lectins are proteins that are widely distributed in plant kingdom and have 
unique property of binding carbohydrate-containing molecules with a high 
specificity, causing agglutination of red blood cells. Soybean agglutinin (SBA) 
causes the atrophy of the microvilli, reduces the viability of the epithelial cells and 
increases the weight of small intestine because of hyperplasia of crypt cells (Grant 
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et al., 1987; Pusztai et al., 1990). The inactivation of soybean lectin by a moist 
heat treatment is parallel with the destruction of trypsin inhibitors. Soybean lectin 
is quite resistant to inactivation by dry heat treatment. The soybean genotypes 
lacking SBA were found Pull et al. (1978). The comparison of relative contribution 
of KTI and SBA on chicken growth revealed a greater anti-nutritional effect of KTI 
than of SBA (Douglas et al., 1999). 
 Soybean contain high amount of oligosaccharides, consisting mainly of 
raffinose and stachyose. These oligosaccharides are poorly digested and have been 
implicated as causes for the poor utilization of energy from soybean meal fed to 
poultry (Lesake et al., 1995). Raffinose and stachyose are heat stabile; the attempts 
have been made to eliminate them by enzymatic action and selecting desirable 
soybean varieties (Neus et al., 2005). 
 Phytic acid is present in soybean seed and products to the extent of 1-1.5% 
of DM. It is able to chelate mineral elements, such as zinc, magnesium, iron, 
calcium and potassium and makes these elements longer absorbed from intestines. 
About two thirds of the total phosphorus from soybean seed is bound to phytic acid 
(Nelson et al., 1968). Several soybean genotypes have been developed with a low 
phytic acid content, often featured with lower grain yield and seed viability. More 
breeding cycles are needed to improve a cultivar performance and keep phytic acid 
at a low level (Spear and Fehr., 2007). 
 Beside mentioned anti-nutritional factors, soybean contains physiologically 
active compounds with small or unknown effects, such as tannins, saponins, 
antivitamins and isoflavones. 
 
Anti-nutritional factors in feed pea 
 
 Main anti-nutritional factors in pea are trypsin inhibitors and lectins 
(Mihailović et al., 2005c). As in other grain legumes, these factors have a 
proteinaceous nature, belonging to albumins, and are inactivated by high 
temperatures or soaking in formaldehyde. According to their trypsin inhibitor 
activity, expressed by trypsin inhibitor unit (TIU) per dry matter (DM), feed pea 
cultivars are classified into four groups: 1) very low activity (2-4 TIU mg-1 DM), 
low activity (4-7 TIU mg-1 DM), medium activity (7-10 TIU mg-1 DM) and fairly 
high activity (10-13 TIU mg-1 DM). Due to achievements in breeding, responding 
to the demands by animal husbandry, all modern feed pea cultivars have low or 
very low trypsin inhibitor activity, making farmers independent from processing 
industry and providing them with an excellent source of quality plant protein 
(Mikić et al., 2003). Although it is confirmed that environment may influence 
trypsin inhibitor activity, it is certain that genotype remains the most important 
factor in its expression and thus underlines the role of breeding. 
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 Among other anti-nutritional factors in pea, there are tannins and lectins. 
Tannins are present in coloured-flowered cultivars, that may be used for both 
forage and grain production, although often with decreased digestibility of grain 
crude protein in comparison with typical feed pea cultivars. The content of lectins 
is generally considered as low and thus of less importance. 
 
Anti-nutritional factors in faba bean and other feed legumes 
 
 The main anti-nutritional factors in faba bean are tannins. Like in pea, 
there is a strong positive correlation between white colour of flowers and reduction 
of tannin content, being controlled by at least two recessive genes (Duc, 1997). The 
cultivars without tannins, commonly known as zero-tannin or tannin-free faba 
bean, have found a wide application for both human consumption and in animal 
feeding and essentially ensured the place of faba bean in feed production. The 
combination of the absence of tannins and winter hardiness in faba bean proved as 
possible and have resulted in the development of winter tannin-free cultivars (Link 
et al., 2008). 
Among the poisonous matters that make common vetch unsuitable for 
monogastric animals and humans, the most important are γ-glutamyl-β-
cyanoalanine, that has a bad influence on metabolism of sulphuric amino acids, and 
vicine and convicine, responsible for a disease called favism (Mihailović et al., 
2005a). Among the most important achievements of the contemporary common 
vetch breeding are potential for a hay crude protein content up to 260 g kg-1, a dry 
grain crude protein content of about 300 g kg-1 and less than 0.60 % of grain toxins 
(Matić et al., 2007).  
The main anti-nutritional factors in lupins are alkaloids, together with 
phytates, protease inhibitors and lectins. The development of so-called sweet types 
of white and other lupins, meaning the selection for low-alkaloid content, have 
been one of the major achievements in lupin domestication. Modern sweet lupin 
cultivars usually have an alkaloid content of less than 200 mg kg-1 (Cowling et al., 
1998), with a strict regulation in great lupin producers such as Australia and 
Poland. However, the cultivars with high alkaloid content, called bitter lupins, have 
their role as forage or green manure crops. 
 A neurotoxin, ß-N-oxalyl-L-a, ß-diaminopropionoc acid (ODAP) play the 
main anti-nutritional role in grass pea and causes a disease called lathyrism. The 
ODAP content depends on both genotype and environment, offering the 
development of cultivars for specific regions as the best solution (Campbell, 1997).   
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Rezime 
 
 Zrnene mahunarke, poput soje (Glycine max (L.) Merr.), graška (Pisum 
sativum L.), boba (Vicia faba L.), lupina (Lupinus spp.), obične grahorice (Vicia 
sativa L.) i sastrice (Lathyrus sativus L.) predstavljaju jedno od najkvalitetnijih i 
najjevtinijih rešenja za dugoročni nedostatak biljnih proteina u stočarstvu. Jedno od 
ograničenja povećanju korišćenja zrnenih mahunarki u ishrani domaćih životinja 
jeste prisustvo različitih sastojaka u zrnu, tzv. antinutritivnih činilaca, koji 
umanjuju njihovu hranljivu vrednost i, u slučaju da se unesu u većoj količini, mogu 
da dovedu do teških posledica po ljude i životinje. Iz tog razloga, oplemenjivanje 
svih zrnenih mahunarki usmereno je i ka snižavanju sadržaja antinutritivnih 
činilaca na bezopasan nivo. Oplemenjivanje soje na smanjeni sadržaj 
antinutritivnih činilaca dovelo je do stvaranja Kunitz-free sorti soje, pogodnih za 
termičku obradu na nižim temperaturama i kraćeg trajanja, što je način uštede 
energije i očuvanja vrednih hranljivih sastojaka sojinog zrna. Što se tiče drugih 
zrnenih mahunarki, najveći napredak ostvaren je kod proteinskog graška, kod kojeg 
sve savremene sorte imaju nizak ili vrlo nizak sadržaj antinutritivnih činilaca. 
Među dostignućima su i zero-tannin sorte boba, sa širokom upotrebom u stočarstvu 
i industriji hleba, sorte obične grahorice sa niskim sadržajem toksina, tzv. slatke 
sorte lupina i sorte sastrice sa niskim sadržajem ODAP. 
 
References 
 
CAMPBELL C.G. (1997): Grass pea. Lathyrus sativus L. Institute of Plant 
Genetics and Crop Plant Research, Gatersleben, Germany – International Plant 
Genetic Resources Institute, Rome, Italy, 91. 
CARVALHO W.L., ALMEIDA-OLIVEIRA M.G., BAROSS E.G., MOREIRA 
M.A. (1998): Determination of genotypic classes for trypsin inhibitor in soybean 
seeds. Biotechnology Techniques, 12, 12, 859-863. 
Anti-nutritional factors in some grain legumes 
 
 
 
1187 
COWLING W.A., BUIRCHELL B.J., TAPIA M.E. (1998): Lupin. Lupinus L. 
Institute of Plant Genetics and Crop Plant Research, Gatersleben, Germany – 
International Plant Genetic Resources Institute, Rome, Italy, 105. 
DOUGLAS M.W., PARSONS E.M., HYMOWITZ T. (1999): Nutritional 
evaluation of lectin free soybeans for poultry. Poultry Science, 78, 91-95. 
DUC G. (1997): Faba bean (Vicia faba L.). Field Crops Research, 53, 99-109. 
FAOSTAT (2009): ProdSTAT: Crops. FAO Statistical Databases (FAOSTAT), 
Food and Agriculture Organization of the United Nations (FAO), 
http://faostat.fao.org 
GRANT G., OLIVIERA J.T.A, DORWARD P.M., ANNAND M.G., WALDORN 
M., PUSZTAI A. (1987): Metabolic and hormonal changes in rats resulting from 
the consumption of kidney beans or soybeans. Nutrition Reports International, 36, 
763-772. 
LESAKE K.L., ZHANG B., COON C.N. (1995): The use of low alpha-glucoside 
protein products as a protein source in chicken diets. Animal Feed Science and 
Technology, 54, 275-286. 
LINK W., BALKO C., STODDARD F.L. (2008): Winter hardiness in faba bean: 
physiology and breeding. Field Crop Research, doi:10.1016/j.fcr.2008.08.004 (in 
press). 
MATIĆ R., NAGEL S., ROBERTSON S., YOUNG I., MIHAILOVIĆ V., MIKIĆ 
A., KIRBY G. (2005): Vetch (Vicia spp) expansion and use in Australia. 
Biotechnology in Animal Husbandry, 21, 5-6, 2, 203-207. 
MATIĆ R., STUART N., KIRBY G., YOUNG I., SMITH K. (2007): Vetch 
breeding and vetch use in Australia. A Periodical of Scientific Research on Field 
and Vegetable Crops, 40, II, 55-63. 
MIHAILOVIĆ V., MIKIĆ A., ĆUPINA B. (2004): Botanical and agronomic 
classification of fodder pea (Pisum sativum L.). Acta Agriculturae Serbica, IX, 17, 
special issue, 61-65. 
MIHAILOVIĆ V., MATIĆ R., MIKIĆ A., ĆUPINA B. (2005a): Possibilities for 
utilization of spring vetch for grain. Contemporary Agriculture, LIV, 3-4, 318-322. 
MIHAILOVIĆ V., MIKIĆ A., ĆUPINA B., ERIĆ P. (2005b): Field pea and 
vetches in Serbia and Montenegro, Grain Legumes, 44, 25-26. 
MIHAILOVIĆ V., MIKIĆ A., ERIĆ P., VASILJEVIĆ S., ĆUPINA B., KATIĆ S. 
(2005c): Protein pea in animal feeding. Biotechnology in Animal Husbandry, 21, 
5-6, 1, 281-285. 
MIHAILOVIĆ V., MIKIĆ A., ĆUPINA B. (2007a): Potential of annual legumes 
for utilisation in animal feeding. Biotechnology in Animal Husbandry, 23, 5-6, 1, 
573-581. 
MIHAILOVIĆ V., MIKIĆ A., ĆUPINA B., MANOJLOVIĆ M., KRSTIĆ Đ., 
ČABILOVSKI R., VASILJEVIĆ S., HĂLMĂJAN H. V. (2007b): Potential of 
A. Mikić et al. 
 
 
 
1188
annual legumes for forage and green manure production. Scientifical Papers, 
Faculty of Agriculture, Timişoara, Romania, XXXIX, I, 249-254. 
MIKIĆ A., MIHAILOVIĆ V., KATIĆ S., KARAGIĆ Đ., MILIĆ D. (2003): 
Protein pea grain – a quality fodder. Biotechnology in Animal Husbandry, 19, 5-6, 
465-471. 
MIKIĆ A., ĆUPINA B., KATIĆ S., KARAGIĆ Đ. (2006): Importance of annual 
forage legumes in supplying plant proteins. A Periodical of Scientific Research on 
Field and Vegetable Crops, 42, I, 91-103. 
NELSON T.S., SHIEH T.R., WODZINSKI R.J., WARE J.H. (1968): The 
availability of phytate phosporus in soybean meal before and after treatment with 
mold phytase. Poultry Science, 47, 1842-1848. 
NEUS J.D., FEHR W.R., SCHNEBLY S.R. (2005): Agronomic and seed 
characteristics of soybean with reduced raffinose and stachyose. Crop Science, 45, 
589-592. 
PERIĆ V., SREBRIĆ M., JANKULOSKI LJ., ŽILIĆ S., JANKULOSKA M., 
KANDIĆ V., MLADENOVIĆ-DRINIĆ S. (2009): The effects of nitrogen on 
protein, oil and trypsin inhibitor content of soybean. Genetika, 41, 2, 137-144. 
PULL S.P., PUEPPKE S.G., HYMOWITZ T., ORF J. H. (1978): Soybean lines 
lacking 120,000-Da seed lectin. Science, 200, 1277-1279. 
PUSZATI A., EWEN S. W. B., GRANT G., PEUMANS W. J., RUBINO E. J. M., 
BARDOCZ S. (1990): Relationship between survival and binding of plant lectins 
during small intestinal passage and their effectiveness as grow factors. Digestion, 
46, 308-316. 
SPEAR J.D., FEHR W. R. (2007): Genetic improvement of seedling emergence of 
soybean lines with low phytate. Crop Science, 47, 1354-1360. 
SREBRIĆ M., PERIĆ V. (2008): Breeding of Kunitz-free soybean genotypes. 
Proceedings of 18th EUCARPIA General Congress Modern Variety Breeding for 
Present and Future Needs, Valencia, Spain, 9-12 September 2008, 640. 
VIVEROS A., CENTENO C., ARIJA I., BRENES A. (2007): Cholesterol-
lowering effects of dietary lupin (Lupinus albus var Multolupa) in chicken diets. 
Poultry Science, 86, 2631-2638. 
 
Received 31 May 2009; accepted for publication 15 August 2009 
 
